








¢/ ‘ : : ‘ 
. : 
> z ; i: © 
= * 
‘ . ‘ ° Py 
: i : _8 
. * * 
Y % - ‘ * 
— * ad 
: ‘ ‘ ; . . ae » ¢ 
: js : w 
e s zr ‘ ; » a+ 
: Ly s * 
. * t,t ® i F Bey - 
are 
. es ‘ 9 s * 5 af a * . 
. + Ad ‘ ‘ ie 88 Ps 
; / e & ee & ' : & 
$, ; : tos : i * & 
. Py : ~~ F ‘ . Py * 
* ‘ ee re ‘* 
Z - : . : : eon * ‘ & ee 
* . ’ ; : 
ae _ a. eS oS Te 
‘ e : ; ‘ : a 
‘ ° . : * 
‘ - * es ; Pee ‘ F : 
‘ . gta * s : : > . 
_* ° ® : om : 2 . 7e ° | Be 
e oe _ ee . ~ 
. + eo . ’ ‘ 
. * . 
’ ‘ e : 
> bd Fs 
2 
9 . . ee. . . . ’ 
* > 1® . : ‘ 
. ‘. PF : 5 
+ . . 
. 
Pe 
<é 2 ‘ * ‘ : * : 4 
e . ; ® : . . * 
: ES . ‘ : ie Fi : 
. ~ e . : Py 
= * ‘ t ° . . : 
. ‘ ; * * : F : . “x 
, ’ : : . : : ’ 
® > ' ‘ 
. ‘ $ j ; « 
| pS . « oe 
. ‘ . 
: : . 
> - 
; > 2 ‘ Ps . 
. : 
. 2,8 . « - 
. 
f . 
. "¢s : ; a> 4 
* * 
. . : 






TROT Narre, 


hoe a 


4 





: oe *e , * : 2 tie ae é" oo “ ated em ree 
+ -(QyRYMDSTYRELSEN”  <* 
Swedish National SpaceBoard @ 
; *¢ - , ve: 
is o x : ae oe Pa. Gan ve 


‘ea 





4 


s 
& : E f . 
.? ‘ ‘ : 
. Tee * ‘ ® 5: 
; : ’ 
. f ar * ‘@ ‘ g A 
: ; ‘ vee . 
2 . - ae 
: vt - ates e : 
Pe . ‘ : Rs a 
‘ : ‘ ; 2 
: * . = ¢ ? : é 
Cd — y ‘+ H ‘ ® ee 
: . 
. . ‘ ‘ 
. * . e.5 , ® = 
* « “i : e . ; ie 
. : . : 
. . 
P ‘ > ; - , $ a -@ 
* . * . 
: : Fi . 3 + e. e 
. - F e ‘ “he 
* : * ' ‘ bd 
: ; ‘ : * + os 
> . ; : - <= “ - . 
. : t > 


‘Calamus Ss discovery of America’ in I 492. revealed « a new fethe unspoiled world. Today, 
_* 500 years later, we are beginning ta see ‘the consequenc es of moder, civilization I in that. 
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Ww hen we will try to increase our under ‘standing of v ital factors of the earth's environment 

— by using all available: knowledge, including space technology. In .order to’ promote 
inter national research cooperation Ww ithin the space community and to increase the public 
~awar PeoTTEAY) of the advané es in this last frontier.of research, a number of projects in the field 
of remote. sensing and space technology are being tinder taken throughout the world. In a 
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“Remote Sensing | OF. Fi RAY Management” waTay include projects undertaken by Swedish 
remote sensing research laboratories and ihe Swedish Spac e Corporation (SSC) and they 
-are initiated and financed by the National Swedish one ‘e Board e SNSB). . 
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The ee briefly por forest on the Yollowitie pages, represent a spectrum of remote 
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A GIS/Remote Sensing Workstation for the Updating and 
Revision of Forest Maps 


Olle Hagner 
Faculty of Forestry, Swedish University of Agricultural Sciences 


Background 


Up-to-date forest maps and accurate estimates of stand 
characteristics are essential for efficient operational man- 
agement planning in forestry. However, the conventional 
methods currently used for forest inventory and mapping 
(i.e.interpretation of aerial photography and field inventory) 
are very expensive. Due to the subjective nature of the ocular 
field inventory and inefficient procedures for updating the 
data, quality is often rather inconsistent. Normally very little 
of the old map information and tabular data can be utilized in 
the production of new forest maps and tabular data. 


An alternative approach 


The basic concept of the new method is to update and refine 
existing information instead of starting from scratch and to 
utilize additional sources of complementary information if 
possible. The existing map data is edited directly on a 
Remote Sensing/GIS workstation monitor with high reso- 
lution satellite imagery displayed in the background. Quan- 
titative estimates of stand variables are derived from the re- 
flectance properties of each forest stand. These estimates are 
in turn statistically combined with the regular tabular data 
and ancillary data sources in order to produce new composite 
estimates with higher precision. Map regions still requiring 
additional refinement of the stand delineation and improved 
estimation accuracy are surveyed with an efficient method 
based on ocular field inventory and two-phase sampling. The 
new field inventory data 1s also incorporated in the combined 
estimates. 


Prototype development and field testing | 


In order to test the concepts in practice, a PC-based prototype 
GIS/Remote Sensing workstation was developed. The func- 
tions were implemented on a 386-PC and the system was 
tested by the Ostersund branch of the forest company 
Domanverket during the summer of 1991. The prototype was 
installed at the district office (figure 2) and operated by the 
regular field inventory staff without any previous computer 
training. 


Cost evaluation 


On the basis of experience from the field tests, the estimated 
costs per hectare for forest map revision using the satellite- 
based method with field inventory are about half compared 
to the costs using the conventional method for ocular field 
inventory. When conditions typical for major forest compa- 
nies are assumed the methodology compares very favourably 
to conventional methods. 


Future development 


Improvements and modifications will be made to the proto- 
type system in order to develop a complete set for functions 
for data exchange, image segmentation, and interactive 
editing. During the summer of 1992 the new system will be 
evaluated on an operational scale. 





(c) CNES 

Figure 1. Estimates of timber volume. Scale approximately 
1:50,000. Example of an intermediate product, derived by the 
integration of various data sources. The colours indicate 
increasing timber volume from white (low), blue, green and 
yellow, to black (high). 


Figure 2. The PC-based prototype version of a GIS/remote sensing 
workstation for forestry installed at the local forest district office 
of Domdanverket in Backe. The system is based on a standard IBM- 
PS/2 mod. 70 with math coprocessor, 6 Mb RAM, 60 Mb disk and 
1 Mb display memory . A Shinko S445 dye-sublimation printer (24- 
bit, 300 dpi) is used for the production of high-quality hard-copies 
for field use . 





Change Detection of Forest Stands 


Hakan Olsson 
Swedish University of Agricultural Sciences 


Method 1 
Visual interpretation of change imagery 


Below, a change image between two SPOT P satellite acqui- 
sitions is shown. Digitally stored imagery from 1989 and 
1991 has first been normalized to each other by the use of 
statistical techniques. The acquisition from 1989 has then 
been subtracted from the later acquisition. For the forest 
areas, the changes in reflectance are shown in grey scale. 
Non-forest areas, as defined by a digital forest map, are 
coloured. 


The technique can easily be implemented for operational use 
at a local level and photographic quality hardcopies can be 
printed on a standard dye-sublimation printer. Hard copies of 
SPOT P and Landsat TM band 7 original imagery and change 
imagery were interpreted. The results for a forest area of 
around 6,000 ha were: 


SPOT P ™ 7 
Detection of: 
- Clear felled areas 100 % 100 % 
- Soil scarification 100 % 100 % 
- Cleanings and thinnings 24% 38 % 
Delineation of known: 
- Cleanings and thinnings 59 % 66 % 


Thinning and cleaning cuttings give a very marginal spectral 
response. Many of these areas could be delineated, but not 
identified without prior knowledge of the position. Thus, 
field knowledge is essential for full utilization of the image- 


ry. 





Remote Sensing Lab, SUAS, Umea, Sweden 


Part of SPOT P 1989 to 1991 difference image, scale 
1:25,000. Outside Umea in northern Sweden. Forest land in 
grey scale. 

U = Unchanged forest, C = Clear-felled areas, 

T = Thinning cuttings ,Y = Fast growing young forest 


Method 2 
Region based change classification 


Based on data from the change image and the late satellite 
image, the compartments in the forest maps are divided into 
smaller, spectrally homogeneous, regions. This is automat- 
ically done by advanced image processing techniques (re- 
gion growing). The spectral mean values are then used to 
classify each region into change classes. In the example 
below, both Landsat TM bands 5 and 7 are used. 





Change class true proportion 
area of true area 
(ha) classified 

as changed 

Clear-felled areas 156 100 % 

Soil scarification 164 92 % 

Cleanings and thinning 229 62 % 

Unchanged forest: 

Classified as changed 124 2% 

Classified as unchanged 5641 98 % 


Total area 6314 ha 

With the use of data from TM 7 only, the classification 
accuracy for the critical class cleaning and thinning cuttings 
was reduced from 62 % to 55 %. This is still much better than 
the 38 % obtained by visual interpretation of TM 7 data. 
Thus, an automatic region based change detection routine 
can be a valuable aid in a system for interactive image 
interpretation. The method is still experimental. It is well 
suited for a GIS environment. 
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a 
Part of change map of corresponding area, automatically 
computed from Landsat TM data by the use of a region 
based analysis. The regions are stored in a vector based 


GIS system. Black = clear-felled areas, cross-hatch = thin- 
ning cuttings. Line information from the forest map. 


Forest Management Planning with the Aid of GIS and Integrated 
Satellite Data. 


Paul Barath and Anders Persson 
SSC Satellitbild 

The satellite image is used as background on the 
monitor for interactive interpretation with a GIS (i.e. 
A/I). The digital processing environment also allows 
of easy integration of other available information 
sources. The developed method implies that certain 
information (i.e. property lines) from an economic 
map is digitized and if old aerial photos are available 
(for delineation of swamps) they are used as well. The 
GIS is used to extract information from the satellite 
image and to map water, swamps, buildings, rock 
outcrops, roads, power lines, farm lands and finally 
forest land. The forest is visually interpreted and 
divided into compartments based on the spectral 
homogeneity of the satellite data. 


A preliminary forest map with GIS and satellite data 
is produced at scale 1:10,000 for use in the fieldwork 
of the forest inventory. 


The field crew use the map in the inventory, but con- 
centrate on collecting parameters such as volume, site 
index, age, species mixture for each compartment. 
The boundaries are corrected where there are di- 
screpancies on the map. 





The main advantage of the method 1s cost efficiency. 
TOPSAT (r)-product, produced from SPOT-(r) data ((c) CNES) (c) SSC Satellitbild Furthermore a digital map is produced in the forest 


1991 management planning process, an inexpensive field 
Tenhult in southern Sweden, scale 1:20,000. A merger of LandsatTMandSPOT materia] is prepared which increases the efficiency in 


panchromatic data overlaid by linear information from the GIS system. the field work and future updating procedures of 


i forest maps are rationalized. 
In accordance with a decision of the Swedish parliament in 


1979, the Swedish Forestry Administration is to conduct a 
general forest inventory of the country’s privately owned 
forest. The forest policy implies that all forest owners with 
medium to large land holdings must have a forest manage- 
ment plan. These management plans form the basis for all 
activities in Swedish forestry. 


The maps can also be used for planning forest fertili- _ 
zation and cleaning. It is also possible to produce an 
image merged with contour lines generated from a 
digital terrain model, which further improves the 
basis for planning. 


The Swedish Space Corporation (SSC) has developed a 
method integrating satellite images into GIS for the use in 
forest management planning. 


A project area at Tenhult in southern Sweden has been 
selected for demonstration purposes. 


The basic data processing (I?S) involves the use of Landsat 
TM data (channels 4,5 and 3) and SPOT Panchromatic data. 
The data is geocoded and a merger of the two data sets is 
carried out to increase the geometric resolution. The image is 
resampled to 2 or 4 meter pixels and then especially contrast 
enhanced to highlight forest information. Channels 4 and 5 in 
Landsat TM register spectral information in the near infrared 
parts of the electromagnetic spectrum. It is an area of the 
spectrum where the vegetation reflectance is very high and 
consequently provides excellent possibilities for interpreta- 
tion. 


Forest Decline Monitoring Using Landsat TM, Digital Forest 
Maps and Elevation Models 


Sam Ekstrand 
Swedish Environmental Research Institute 





(c) ESA/Eurimage 


30 perspective view of the study area in Bohusldn in southern Sweden. Landsat TM bands 5,4,3 merged with an elevation model and digital 
forest maps (extracted forestry borders in red). 


Since the first observations of forest decline in the early 
1980’s, widespread damage on spruce, pine and beech has 
been documented in central Europe. Attention has also been 
drawn to the situation in Sweden. Spruce stands in south- 
western Sweden sometimes suffer from a mean needle loss, 
or spruce defoliation, of 35-40%. 


The utilization of satellite data for forest decline assessment 
is in most cases complicated by factors like terrain effects 
and varying stand characteristics such as species composi- 
tion and density. The spectral effects of the defoliation are 
often so subtle that the accuracy of an assessment will be 
seriously affected by these factors. Supported by the Swedish 
ISY program the Swedish Environmental Research Institute 
([VL) investigated the possibility of using digital elevation 
models and forest maps to reduce this problem. 


Using imagery from 1985 and 1989 the Landsat TM sensi- 
tivity to moderate defoliation levels on spruce was examined 
and defoliation was found to give a clear response. However, 
only in late summer imagery. This is probably explained by 
an expanded defoliation range in August-September, and by 
a sun elevation decline resulting in shadowed understorey 
vegetation, which makes the effect of defoliation more 
pronounced. 


The disturbing effects on the defoliation response in Landsat 
TM, caused by terrain conditions, varying pine and hard- 
wood components, density and age, were analysed. Varia- 
tions of the hardwood component with 5% affected the 
accuracy of the satellite based defoliation estimation, as did 
variations of the pine component with 15%. The analyses 
also showed that slope gradients as low as 4-S° had an effect 
on the accuracy. No band ratios sufficiently compensated for 
this effect. Consequently, elevation models must be included 
in the process of estimating moderate defoliation. 


Based on the results a spruce defoliation model was devel- 
oped. Slope/aspect data from the elevation model and digital 
forest maps were used to account for terrain and compart- 
ment characteristics in the classification process. The model 
was tested in the study area in Bohuslan, Sweden, at the 
moment covering 20,000 hectares. 


When exact information on species composition, taken from 
the aerial photography, was applied the accuracy of the 
satellite based defoliation assessment was good. When infor- 
mation was taken from the forest maps, the accuracy was 
good enough to allow a division into two classes; below and 
above 20% needle loss. Thus, a defoliation assessment using 
digital forest maps and elevation models seems feasible. 


The amount of work needed to digitize forest maps ona scale 
of 1:10,000 means that a survey on a national scale might be 
impracticable today, but that is not the case on a provincial 
level. The trend within forestry points strongly towards a 
computer based forest management and the digitization of 
forest maps will undoubtedly make life easier for foresters 
working with the administration, management, up-dating 
and presentation of forest maps. In this context a defoliation 
assessment every third year would be a simple and standar- 
dized part of forest management. 
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Swedish Forest Information Atlas 


Henrik Osterlund 


Extract of the forest atlas showing coniferous forest (green co- 
lours), deciduous forest (yellowish green), open land (grey), 
water (blue), and urban areas (cyan) of southern Sweden. 


SSC 


The Swedish Space Corporation (SSC) has undertaken a 
national land use and vegetation cover classification during 
one year. The result was delivered in digital format of 50m 
pixelsize in 900 files, each corresponding to a map sheet 
covering 62,500 ha. 


From the vegetation periods of 1989 - ’°90, 46 LANDSAT 
Thematic Mapper scenes and parts of 12 SPOT XS scenes (to 
fill in cloudy areas etc. of the TM data) were acquired. All 
data was precision corrected to the Swedish National Grid 
with subpixel accuracy. A total of 13 classes in a three-level 
hierarchy constitute the map legend. 


From this dataset of 225 Mb, a forest atlas has been derived. 
The original classes are aggregated and the classes of the 
atlas are extracted as *percentage images” - the larger pixels 
of each layer showing the proportion cover of that class. This 
step is performed by filtering with a kernel corresponding to 
the output pixelsize. Thereby, the original information of the 
proportional coverage still resides in the separate layers. By 
thresholding the layers, the output map is derived. 


The legend of the atlas comprises three forest classes - open 
and closed coniferous, deciduous forests - together with 
water, urban and open areas. Additional cartographic ele- 
ments - major roads and cities with names, county boundaries 
- will be superimposed on the classification. The atlas will be 
produced both as printed maps and in digital format with a 
proposed pixelsize of 500m. 














Tropical Forest Monitoring with High Resolution Satellite Data 


Henrik Osterlund 





(c) SSC 
Left image (LANDSAT 2 MSS) shows the forest area cover of 1977 in red colour. Right image (Landsat 5 TM) shows the cover 
status of 1990. Note the deforestated areas in yellow colour having both a scattered and a contiguous spatial distribution. This 
corresponds to various stages of new landuse, including shifting cultivation and permanent agriculture. 


A ’modest level approach” for the assessment of forest area 
cover and the rate of its change has been developed and 
evaluated by SSC and the Faculty of Forestry, Swedish 
University of Agricultural Sciences, Umea, (SLU), in coope- 
ration with the Royal Thai Forest Department, Bangkok. 
Enhanced Landsat colour hardcopies were visually inter- 
preted and area cover classes were manually delineated. The 
methods adopted are cheap to use and the image processing 
can be done in any facility having a general image processing 
system. 


Deforestation figures and change images were produced for 
the Chiang Rai province in northern Thailand and the metho- 
dology was described. Forest area cover and rate of change 
was estimated by an adopted sampling design of delineated 
Landsat imagery of the same season from 1977, ’84, and ’90. 
Time-coincident aerial photographs from 1977 and ’84 
constituted the reference data, which was used for evaluating 
the interpretation accuracy and to produce calibrated area 
estimates. 


For the six summary classes of water, forest, plantation, 
forest fallow, shrubland, and other landuse, the accuracy 
obtained from the interpretation of satellite colour hard- 
copies was on average 74% (proportion correct). The rate of 
deforestation was calculated to more than 2% per year 





between 1977 and 1984. Between 1984 and 1990, this figure 
doubled to more than 4% per year, on average. This means 
that for the period of 13 years, forest had decreased to 64% 
of its former area. 


The necessity to calibrate area estimates is proportional to 
the level of interpretation accuracy (of the satellite imagery). 
For example, calculations indicate a 10% difference between 
the 70% and 90% interpretation accuracy levels of calibrated 
and uncalibrated forest area estimates, respectively. 


The interpretations were digitized and from these three land 
cover maps, yearly maps, were constructed by the Dept. of 
Photogrammetry, Royal Institute of Technology, Stockholm. 
The spatial trends in deforestation between years are clearly 
illustrated by a video animation. 








Deforestation in African Drylands - Assessment of Changes in 
Woody Vegetation in Semi Arid Sudan 


Lennart Olsson & Jonas Ardé 
Dept. of Physical Geography 
University of Lund . 


Background 


Forest resources in Semi arid A frica are under constant siege. 
Very little is actually known about the present situation in 
terms of forest cover and the rate of change. Until now there 
are no reliable assessments carried out systematically at a 
global or even continental scale. The objective of this study 
is to measure the changes of woody vegetation in terms of 
areal extent as well as amounts of woody resources during 
1973 - 1987 in western Sudan, using the same methodology 
as an inventory carried out by Lund Team AB and the Dept. 
of Physical Geography, for FAO in Eastern Sudan in 1989- 
1990. 


Methodology 


Previous research has shown the strong relationship between 
canopy size and wet weight of a tree in these areas, as well as 
the strong relationship between canopy cover and Landsat 
data (NDVI, Normalized Difference Vegetation Index = 

Infrared-red/Infrared+red), which was used for the quantifi- 
cation of wood resources. Manual stratification was used in 
order to delineate areas of irrigated and mechanized rainfed 
agriculture. Maps showing the extent of wooded areas in 


1973, 1979, and 1987 were then generated. The area covered | 


by this temporal study was 4 Landsat frames, covering 
roughly 100,000 km?. 


Results 


The land use has changed dramatically during the period 
studied. Tree cutting for energy use has often been made the 
scapegoat of deforestation and environmental degradation. 
However, this study concludes that the main threat to the 
woodlands and forest resources comes from the expansion of 





Figure I: Acacia tree cut for the purpose of charring. 
(photo L.O. 1989) 


rainfed mechanized agriculture. Vast areas of previously 
mixed woodlands and traditional agriculture have been trans- 
formed into mechanized agriculture during the time period 
studied. There has been an intensification of agriculture, both 
irrigated and rainfed mechanized, but it is obvious that the 
expansion of mechanized rainfed agriculture is the main 
agent of deforestation. The advance of these areas pushes the 
traditional agriculture into marginal areas, or in some cases 
into national parks. The area of mechanized rainfed agricul- 
ture increased threefold from 1973 to 1987, resulting in 
substantial losses of woodlands. In the study area, about 1.1 
million hectares were transformed into agricultural land 
from 1973 to 1987. 


Table 1. Areal distribution of land use categories in different years 
in km’ as well as in percentage change from 1973. The total area is 
81,350 km?. 

















Open woodlands and 3983] 7905 
forests 

Irrigated agriculture 2094| 3140 
Mech. rainfed agriculture 9653} 10259 





Other (uninhabited areas) | 69509! 60088 


Certain areas outside the expansion of commercial agricul- 
ture show a significant recovery of the natural woodland 
vegetation. The conclusion drawn from this study is that 
there are no signs of a secular trend of a degrading environ- 
ment in this semi arid study area. The extent of woodlands 
varies with climatic fluctuations and is primarily threatened 
by expansion of large agricultural schemes, rather than by the 
domestic use of fuel wood. 





Figure 2: The construction of a charcoal kiln - 
(photo L.O. 1989) 








Remote Sensing Education for Educators in Sweden 1992 


Hakan Hedberg 


As for remote sensing Sweden belongs to the most advanced 
nations and a number of university institutions, consultants 
and other organizations are active in this field. The Depart- 
ment of Physical Geography, Stockholm University, has 
long-standing experience of research and teaching in remote 
sensing. One of the world’s most complete and integrated 
production lines for remote sensing data products is operated 
by the State-owned Swedish Space Corporation, SSC, in its 
subsidiary Satellitbild in Kiruna above the Arctic Circle in 
the far north of Sweden. Closely linked to this ”’Remote 
Sensing Factory” the separate Swedish Institute for Ge- 
ographical Information Technology ,SIGIT, has been set 
up for international remote sensing training and for the 
running of the training facility Kiruna GIS Laboratory. In 
cooperation and with the funding of the Swedish Govern- 
ment through the Swedish Agency for International Tech- 
nical and Economic Co-operation, BITS, the University 
and SSC Satellitbild/SIGIT have carried out major interna- 
tional courses aimed at increasing the remote sensing techno- 
logy in developing countries. 


SSC 


As part of its celebration of the International Space Year and 
in support of the United Nations programme for the creation 
of indigenous capability of space science and technology in 
developing countries, Sweden has offered the United Na- 
tions a five-week course in remote sensing techniques and its 
use, to be held in Sweden during May-June 1992. The course 
is organized as an educational programme for university 
teachers and is open for participants from countries in Africa, 
South East Asia and South America. It has been entered 
under para. 41 in the UN catalogue for ISY activities. 


Of the total curriculum of five weeks, three weeks are spent 
at the University in Stockholm and the remaining two weeks 
at the SSC Satellitbild/SIGIT in Kiruna. In Stockholm the 
training will be focused on basic theory while the Kiruna-part 
deals mainly with the practical application-oriented ele- 
ments of the technique. The course programme is divided 
into eight sections containing e.g. - Fundamental principles 
- Image interpretation - Geographical Information Systems, 
GIS - Remote sensing education - Field work - Remote 
sensing applications - Needs of a user etc. Social activities 
during evenings and weekends are included in the pro- 
gramme. 





United Nations Remote Sensing Training Course in Sweden, 1990. Group picture, "just in case, for 
identification”, before the start of the field work. 
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remote sensing ac tivities in the Nordia® caquntries, For two vear $a bus- borne ISY exhibition 
will tour Swede, star ting in the autumn of 1992. 
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The Swedish ISY project’ ‘Second United Nations Internationel Training Course on Remote 
. * Sensing Educ ation for Educators * arranged by the Depar tment of Physical Geography, 
Stockholm Univer sity, in cooperation With YG: Satellithild in Kiruna, - etake place in 
Stockholm and Kiruna during May l] - June iz. ) 
: o ; : e 
. For further information about the Swedish 1SY pi dggamute: please tur 10 Ake Rosenqvist 
or Henrik Osterlund at SSC or directly to the authors of the respec live abst ‘acts ‘of this 
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